OPTICAL SYSTEM ADJUSTING METHOD FOR ENERGY BEAM APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to an optical system adjusting method in an energy beam 

apparatus, and more particularly, the invention relates to an optical system adjusting method in an 
electron beam lithography apparatus that is used to form a fine pattern on a wafer. 

2. Discussion of the Background 

In the electron beam lithography used in recent semiconductor manufacturing processes, to 
10 increase the throughput, variable shaping or character projection type electron beam lithography 
apparatuses are used in which writing is performed by generating a beam having a cross-section of a 
rectangle, a triangle, or an arbitrary pattern in addition to the circular beam used in previous 
apparatuses. In this type of apparatus, because of the miniaturization and the increased accuracy of 
the pattern formation, the beam dimensions and position must be more accurate. 
1 5 One condition to be satisfied for increasing accuracy in beam dimensions and position is that 

the optical axis of a beam and the axis of a lens should coincide with each other. For example, this 
condition is satisfied in a manner shown in Fig. 11, which shows an exemplary beam measurement 
using a conventional mark. A fine mark 1 12 is scanned with a beam 111, and a relative positional 
relationship between a scanning region and the mark 1 12 is determined based on a resulting reflected 
20 electron signal. Adjustments are made by using an alignment coil so that this positional relationship 
does not vary, even if the degree of lens magnetic excitation is changed. 

The accuracy of an electron beam deflection position must also be very high. To correctly 
control the deflection, a mark position on a stage that is provided with a laser interferometer is 
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determined under a certain deflection condition, and then the deflection condition is determined by 
moving the mark. A corresponding relationship between the deflection condition and the actual mark 
position is determined by repeating this operation, to thereby adjust a deflection system so that the 
deflection position is located at a prescribed position. 
5 A mark may be produced by forming a very small hole in a heavy metal thin film. The signal 

polarity is inverted at the mark. Further, an inflow current may be measured by using a minute 
Faraday cup structure as a mark. Fig. 12a shows another exemplary beam measurement using a 
conventional mark. Figs. 12b-12c are graphs showing the signal intensity of reflected electron 
signals. A position is determined based on a signal as shown in Fig. 12b that is obtained by scanning 
10 a single mark 122 with a beam 121 as shown in Fig. 12a. The middle of two peak positions may be 

L \ ■ 

obtained, for example, by differentiating a mark signal as shown in Fig. 12c. 

A signal obtained by scanning a mark with a beam typically includes considerable noise. To 
eliminate such noise, mark signals are obtained by scanning the mark with a beam many times and 
superimposing those signals one on another. In this case, it takes a long time to obtain sufficient 
15 accuracy. Further, applying a beam to the same location many times causes the mark and its vicinity 
to be heated locally. The resulting thermal expansion of the mark and the mark substrate may lower 
the accuracy. 

As described above, the conventional method of adjusting the optical axis, the deflection 
position, the rotation, or the like of an energy beam by using a single mark has various problems, such 
20 as failure to obtain sufficiently high adjustment accuracy and the long time required to make 
adjustments. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above circumstances in the art, and an 
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object of the invention is therefore to provide an optical system adjusting method in an energy beam 
apparatus which can perform, correctly and in a short time, an optical system adjustment for 
optimizing the optical axis, the deflection position, or the rotation of an energy beam. 

The present invention provides a method for adjusting an optical system of an energy beam 
5 apparatus, comprising preparing a mark having a one-dimensional or two-dimensional periodic 
structure; detecting a mark signal by scanning the mark with an energy beam one-dimensionally or 
two-dimensionally; and determining a variation in a positional relationship between the mark and a 
beam scanning region based on a phase variation of the mark signal. 

In one aspect, a first mark signal is detected by scanning, with an energy beam, the mark that 

10 is set on the optical axis of the optical system. A second mark signal is detected by scanning, with an 

/ 

energy beam, the mark that is located at a position that is deviated from the optical axis of the optical 
system. A deviation of a deflection position is determined based on a phase difference between the 
first and second mark signals. 

In another aspect, a first mark signal is detected by scanning, with an energy beam, a mark 

15 that is set on the optical axis of the optical system. A second mark signal is detected by scanning, with 
an energy beam, the mark in a state in which a driving condition of a lens that is being axially aligned 
is changed. A deviation between the energy beam optical axis and the axis of the lens is determined 
based on a phase difference between the first and second mark signals. 

In another aspect, small fields that are smaller than energy beam deflection-test regions are 

20 set so that boundaries of adjacent ones of the small fields are in contact with each other. For adjacent 
small fields, mark signals are detected in an overlap region of deflection-test regions by using marks 
having the same periodic structure. The optical system is adjusted so that the two mark signals for the 
adjacent small fields coincide with each other. 
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In another aspect, a phase deviation of the mark signal is detected based on a phase deviation 
of a moire' signal that is obtained by calculating the product of the mark signal and a reference signal 
having a different frequency than the mark signal. 

In another aspect, an offset-removed component of the mark signal is binarized. A phase 
5 deviation of the mark signal is detected based on a phase difference signal that is obtained by 
calculating the product of the binarized mark signal and a binarized reference signal having the same 
frequency as the mark signal and averaging a resulting product signal. 

In another aspect, the mark has a two-dimensional periodic structure. A deviation in the 
rotational direction of a beam deflection region is detected based on a two-dimensional distribution 
10 that is obtained based on phase variations of periodic components of a mark signal distribution that 
correspond to the period(s) of the mark. 

In another aspect, the mark has a two-dimensional periodic structure. A second or higher 
order deviation of a beam deflection region from a designed deflection region is detected based on a 
two-dimensional distribution that is obtained based on phase variations of periodic components of a 
15 mark signal distribution that correspond to the periods of the mark. 

In another aspect, a phase deviation of the mark signal based on a phase difference between 
moire' signals that are obtained for two reference signals that are higher and lower, respectively, in 
frequency than the mark signal. 

In another aspect, a phase deviation of the mark signal is detected based on a phase 
20 difference signal that is obtained by calculating the product of the mark signal and a reference signal 
having the same frequency as the mark signal and averaging a resulting product signal. 

In another aspect, the product of the mark signal and the reference signal is obtained by 
modulating the energy beam intensity at the frequency of the reference signal. 



4 



The energy beam may be an electron beam, an ion beam, a neutral particle beam, or a photon 

beam. 

The present invention provides adjustment of, for example, the beam position on a sample 
correctly in a short time by determining a variation in the positional relationship between a mark and 
5 a beam scanning region based on a phase variation of a mark signal, thereby contributing to, for 
example, an increase of the rate of operation of an energy beam apparatus. ■ 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs, la-le show mark patterns that are used in a first embodiment of the present invention; 
Figs. 2a and 2b are graphs showing an example of a periodic mark signal and its 
10 fundamental-wave component, respectively; 

Figs. 3a and 3b are graphs showing the fundamental-wave component of a mark signal and 
that of a phase-deviated signal, respectively; 

Fig. 4 is a graph showing phase difference dependence of the product of a rectangular-wave 
mark signal and a reference signal; 
15 Fig. 5 is a graph showing phase difference dependence of a phase difference signal that is 

obtained from the product of the fundamental-wave component of a mark signal and a reference 
signal; 

Fig. 6a is a graph showing the intensity of a signal obtained from the product of the 
fundamental-wave component of a mark signal and a reference signal; 
20 Fig. 6b is a graph showing the intensity of the fundamental-wave components of mark 

signals obtained at two different points and a corresponding moire' signal; 

Fig. 7 is a graph showing moire' signals obtained by using reference signals that are higher 
and lower in frequency than the fundamental-wave component of a mark signal; 
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Fig. 8 shows how a two-dimensional moire' signal varies as mark scanning is rotated; 
Fig, 9 is a schematic view showing an adjusting method for beam connection in an overlap 
region of deflection-possible regions for adjacent small regions; 

Fig. 10 is a schematic view showing a tracking adjustment for a stage that is moved 
5 continuously; 

Fig. 1 1 shows an exemplary beam measurement using a conventional mark; 

Fig. 12a-shows another exemplary beam measurement using a conventional mark; and 
Figs. 12b-12c are graphs showing the signal intensity of reflected electron signals using a 
conventional mark. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

■• \ 

The present invention is hereinafter described in detail by using illustrated embodiments. 

\ 

Embodiment 1 

Figs, la-le show mark patterns according to a first embodiment of the present invention. In 
the example of Fig. la, a sample having a mark may be a chromium mask in which a conductive film 

15 is formed on a chromium light shield film as an undercoat that is formed on a glass substrate. The 
mark may be produced by etching a chromium light shield film in a checkered pattern having a 
constant period S. Mark patterns shown in Figs, lb-le can also be used. 

Determining a beam position by using the mark shown in Fig. la is now described. 
Although in this example an electron beam is assumed as an energy beam, the energy beam is not 

20 limited to an electron beam and may be, for example, light, an ion beam, or a neutral particle beam. 
A stage that is mounted with a sample is moved so that a beam strikes the center or its vicinity of the 
mark when the beam is located at an origin (0, 0) of the deflection position. In this state, a reflected 
electron signal is captured that is obtained when a deflector scans the mark with a beam in the vertical 
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and horizontal directions with a deflector. The resulting signal is periodic in both vertical and 
horizontal directions, as shown in Fig. 2a. The fundamental component of sinusoidal components of 
the signal thus obtained is shown in Fig. 2b. 

Then, the mark position is moved to a position (xl, yl) by moving the stage. A mark 
5 movement distance is measured accurately by a laser interferometer that is provided on the stage. A 
beam is deflected to the above position, and scanning is performed with a beam in the vertical and 
horizontal directions with the same widths (the above position is centered) as in the abpve case where 
the mark was located at the origin (0, 0). Referring to Fig. 3a, there is shown a graph of the 
fundamental-wave component of a mark signal. A sinusoidal component of a signal that is obtained 

10 in this state is equal in phase to the signal that was obtained at the origin (0, 0). Referring to Fig. 3b, 

/ 

there is shown a fundamental-wave component of a phase-deviated signal. However, if the deflection 
position deviates from the desired position even by a small value, a phase deviation occurs between 
the signals as shown in Fig. 3b. Therefore, a deviation of the deflection position can be measured 
based on a phase deviation between a first mark signal 31 that is obtained at the origin (0, 0) and a 

15 second mark signal 32 that is obtained at the position (xl, yl). 

Methods (1-a) to (1-d) described below can be used as a phase deviation detecting method. 
Since in many cases a mark signal includes an offset value, a signal obtained by subtracting an offset 
value that is determined in advance from a mark signal is used as a new mark signal. Another 
desirable measure is to remove a temporally invariable component of a mark signal by causing the 

20 mark signal to pass through a capacitor, for example. 
Phase deviation detecting method (1-a): 

A signal obtained is binarized, that is, converted into a signal having values 0 and 1, to 
generate a rectangular wave. The product of a binary distribution obtained from a signal at the origin 
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(0, 0) and a binary distribution obtained from a signal at (xl, yl) is calculated and the average value 
of a resulting distribution is calculated. 

Fig. 4 is a graph showing the phase difference dependence of the product of a 
rectangular-wave signal and a reference signal. If the phases are exactly equal to each other, the 
5 average value is 0.5 as shown in Fig. 4. If the phases are different from each other by 180°, the 
average value is 0. If the phase difference is between 0° and 180°, the average value is a value 
between 0 and 0.5. Binarizing a signal increases the phase detection sensitivity. Alternatively, signal 
values themselves may be used. However, in this case, although the product varies with the phase 

variation, the average value varies with the offset value and the amplitude. 

1 

10 Phase deviation detecting method (1-b): 

/ \ 

A phase component of a signal obtained is detected by subjecting the signal to a Fourier 
transform in a limited interval, and a variation in the detected phase component is determined. The 
fundamental component of a signal is now represented by Isin(kx + a). If it is multiplied by a 
reference signal sin(kx) and then averaged over n periods (n: natural number), all of an offset 
15 component and harmonic components of the signal become 0, and finally a phase difference signal 
0.5nlcosa is obtained. 

Fig. 5 is a graph showing the variation of the phase difference signal with a. A desired beam 
deflection position is obtained when the phase difference signal is maximized by moving the beam 
deflection position. A phase difference signal may be directly obtained by modulating the intensity 
20 of an energy beam itself and integrating a resulting signal instead of multiplying a mark signal by a 
reference signal. 

Phase deviation detecting method (1-c): 

Fig. 6a is a graph showing the intensity of a signal obtained from the product of the 



fundamental-wave component of a mark signal and a reference signal. Fig. 6b is a graph showing the 
intensity of the fundamental-wave components of mark signals obtained at two different points and 
a corresponding moire' signal. The fundamental component of a signal obtained is now represented 
by Isin(kx + a). As shown in Fig. 6a, if the fundamental component is multiplied by a reference 
5 signal sin(k'x) that is slightly deviated in frequency, a resulting signal is given by 
— 0.5Icos{(k-k')x + a]-0.5Icos{(k + k')x + a}. 

As for the first term, values of x that give the same phase are deviated from each other by -A 
a/(k - k') for a variation Aot of the phase difference a. Now assume that the first term is a new signal 
(moire' signal). Then, as shown in Fig. 6B, its phase deviation is k/(k - k') times larger than the phase 
10 deviation of the original signal. Although the sign of k/(k- k') varies with the magnitude relationship 
between k and k', in the following description the magnification factor is assumed to be an absolute 
value unless otherwise specified. A desired beam deflection position is obtained by adjusting the 
beam deflection position so that the phase variation between moire' signals at the origin (0, 0) and the 
position (xl, yl) is minimized. 
15 Next, the second term is considered. For a subject value of x, averaging is performed over 

a range of x-172 to x+L/2 where L satisfies (k - k')L = (2n - l)n (n: integer). 
With exception of the common coefficient 0.5nl, 
(average value of first term) 

=(l/L)Jcos{(k-k')x + a}dx 
20 - { l/Uk - k') } [sin { (k - k')L/2 + (k - k')x + a ] 

- sin{-(k - k')IV2 + (k - k> + a}] 
= { l/Uk - k') ) [cos { (k - k')x + a } 
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+ cos{(k-k')x + cc}] 
= (2/7r)cos{(k-k')x + a}. 
(Average value of second term) 

= (l/L)/cos { (k + k')x + a } dx 
5 = {l/Uk + kOJtsinKk + k'^ + Ck + kOx + a} 

- sin{-(k + k')L/2 + (k + k')x + a}] 
= { 1/L(k + k')} [sin{kL + (-k + k')I72 

+ (k + k')x + a) - sin{ -kL - (-k + k')lV2 + 

-— (k + k')x + a}] 

10 = { 1/L(k + k')} [-cos{kL + (k + k')x,+ a} ' 

+ cos{-kL + (k + k')x + a}] \ 
= |2/L(k + k')}sin{(k + k')x + a}sin(kL). 
In the above equations, each integral is calculated from a lower limit x - L/2 to an upper limit x + L/2. 
Therefore, the average value of the second term becomes 0 if kL = 2m7r (m: natural number). 
1 5 As is apparent from the two conditions (k - k')L = (2n - 1)7T, and kL = 2m7i, it is desirable that k' and 
L be determined so as to satisfy 

kL = 2imr, (k-k')L = ±7r. 
For example, if m = 5 and k - k' = n/L, 
k/(k-k') = 10 

20 is obtained. 

Since the average value of the second term decreases approximately in inverse proportion to 
kL, it is desirable that m be a large value. Although an offset value may be removed in advance from 
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a mark signal, it is removed in the above process of obtaining a moire' signal and the desirable 
condition in the above averaging process. Further, high-frequency noise components are removed by 
the above averaging process. 
A signal 

5 0.5I[cos{(k-k')x + a} -cos{(k + k')x + a)] 

may be obtained by modulating the intensity of an energy beam itself so that the variation component 
of a mark signal that is obtained when a mark having uniform reflectance is scanned with a beam 
becomes Isin(k'x). This process may be used instead of calculating the product of a mark signal and 
a reference signal that is incorporated in the apparatus. In this case, it may be desirable to remove a 

10 temporally invariable constant at the time of obtaining a signal because an offset component remains 
even after the averaging process. 
Phase deviation detecting method (1-d): 

Fig. 7 is a graph showing the moire' signals obtained by using reference signals that are 
higher and lower in frequency than the fundamental-wave component of a mark signal. The 

15 fundamental component of a signal obtained is now represented by Isin(kx + a). It is multiplied by 
reference signals sin(k'x) and sin(k"x) that are slightly higher and lower, respectively, in frequency 
than the fundamental component, whereby moire' signals are obtained for the respective reference 
signals. Moire' signals are extracted in the same manner as in the method (1-c). If a variation 
between a phase difference between the two moire' signals at point A and that at point B is 

20 determined as shown in Fig. 7, this variation is larger than a phase variation obtained by the method 
(1-c). 

If the absolute values of the two phase differences obtained in the above manner are made 
equal to each other, then k can be determined with high accuracy because k' and k" can be 
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determined with high accuracy. A desired beam deflection position is obtained by adjusting the beam 
deflection position so that the phase differences of moire' signals at the origin (0, 0) and the position 
(xl, yl) are made equal to each other. 

Beam deflection positions are examined at different mark positions by repeating one or more 
5 of the above-described methods, and adjustments are so made that the beam deflection positions fall 
within an allowable range for a desirable value. This enables highly accurate control of the beam 
deflection position. 
Embodiment 2 

This embodiment relates to alignment of the beam optical axis and the lens axis. First, the 

1 
i 

10 mark that has been described in the first embodiment is moved to the origin (0, 0) of the deflection 
position. At this position, a signal is obtained by scanning a beam in both vertical and horizontal 
directions. Then, another signal is obtained in a similar manner after changing the focal length of a 
lens that is to be axially aligned by changing an excitation magnetic or electric field for the lens by a 
very small amount. 

15 Then, a change of the beam position on the stage position is detected based on the 

thus-obtained two signals according to any of the detection methods described in the first 
embodiment. The axes of the lens and a beam are aligned with each other by adjusting an axial 
alignment coil or electrode so that the change of the beam position is minimized when the lens focal 
length is varied around a set value. 

20 If a fluctuation of the beam position has been measured by another technique based on a 

moire' signal that was obtained with a constant lens focal length, a fluctuation of the stage position 
may also be determined. 
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Embodiment 3 

This embodiment relates to alignment of the coordinate axes of beam deflection and those 
of a mark. First, a two-dimensional image of a checkered mark having approximately the same area 
as a beam deflection region is obtained by deflecting a beam with the center of the mark used as the 
5 origin. The angular spatial frequency is represented by the term w k." 

Fig. 8 shows the variation of a two-dimensional moire' signal as the mark scanning is rotated. 
Now assume that the coordinate axes of the beam deflection is rotated by an angle 0 from those of 
the mark. If a moire' signal is displayed two-dimensionally with an assumption that the angular 
spatial frequency of a reference signal is k' in both axes, the moire' signal rotates by k/(k - k')0 when 
10 6 is small. Therefore, a rotation of the axes can be detected easily. 

If two moire' signals are determined by using two reference signals in which k' < k and k" 
> k, an angular deviation between the two moire' signals is approximately given by [(k* - k")/{(k - 
k')(k - k")}]9. If k and k' are so determined that k/(k - k')0 becomes equal to k/(k" - k)6, the 
angular deviation is given by { (k' + k' ')/Ak } 0 where Ak = k - k' = k" - k and can be determined with 
15 high accuracy. As 0 increases, the frequency of a mark signal increases, and hence the period of the 
moire' signals becomes shorter. The period of the moire' signals is longest when 0 = 0. 

As another embodiment, the period of a moire' signal may be measured, and adjustments 
made so that the period of the moire' signal becomes longest. The pitch of two-dimensional scanning 
with a beam may be set to approximately an integral multiple of the period of a periodic mark, and a 
20 positional deviation may be detected along each scanning line. 
Embodiment 4 

A two-dimensional image of a checkered mark having approximately the same area as a 
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beam deflection region is obtained by deflecting a beam with the center of the mark used as the origin. 
The angular spatial frequency is represented by the term "k." Now assume that an actual beam 
deflection position (X, Y) is deviated from a desired position (x, y) by (AX, AY), that is, X = x + AX 
and Y « y + AY. Consideration is made of a case where characteristic lengths of distributions of AX 
5 and AY are sufficiently longer than the wavelength of a moire' signal. 

Intersections of lines where a two-dimensional moire' signal is maximum are now called 
moire' signal lattice points. Alternatively, moire' signal lattice points may be defined as intersections 
of lines where a two-dimensional moire' signal is minimum or points where the signal is 0. 
Consideration is now given to a distribution of lattice point positions in a two-dimensional moire' 
10 signal. The angular spatial frequency of an ideal moire' signal is represented by Ak and the angular 
spatial frequency of a reference signal is represented by ^k. It is assumed that a lattice point 
corresponding to one two-dimensional moire' signal lattice point (xl, yl) in a case where AX = 0 and 
AY = 0 are satisfied at every point is moved to (xl + dXl, yl + dYl) on the two-dimensional moire' 
signal. 

15 Let k x and k y represent angular spatial frequencies of a mark signal in the x-direction and the 

y-direction in the vicinity of a measurement point and k' represent an angular spatial frequency of the 
reference signal in each of the x-direction and the y-direction. Then, AX and AY are given as follows: 

AX = -dXl(k x -k')/k x 

AY = -dYl(k y -k*)/k y 

20 Since lattice point positions can be changed by changing the phase of the reference signal, (AX, AY) 
distributions can be obtained easily. 

Deflection parameters are adjusted based on the thus-obtained (AX, AY) distributions so that 
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the deviation between the actual deflection position (X, Y) and the desired position (x, y) is within an 
allowable range in the entire deflection region. Specifically, a correction of (-AX, -AY) is made for 
the desired deflection position (x, y) with an assumption that, for example, AX and AY are given as 
follows: 

5 AX « alx + bl-y + cl-x x + di x y + el-y y 

AY - a2-x-+ b2y + c2-xx + d2-x-y + e2-yy 
Accordingly, the beam deflection position may be controlled with high accuracy. 
Embodiment 5 

This embodiment relates to a method for adjusting the deflection position in each field to 
10 connect adjacent fields. 

/ 

Fig. 9 is a schematic view showing an overlap region of deflection-possible regions for 
adjacent small regions. Adjacent small fields on a sample are denoted by Aw and Bw, and electron 
beam deflection regions corresponding to the small fields Aw and Bw are denoted by Ad and Bd, 
respectively. The deflection regions Ad and Bd have an overlap region AB. A two-dimensional 

15 mark is disposed in the overlap region AB as shown in Fig. 9. While electron beam deflection is 
performed in the region Ad, the region AB is scanned with the beam in the x-direction and the 
y-direction, and moire' signals Mix and Mly are obtained based on a resulting mark signal. 

On the other hand, while electron beam deflection is performed in the region Bd, the region 
AB is scanned with the beam in the x-direction and the y-direction and moire' signals M2x and M2y 

20 are obtained based on a resulting mark signal. If the beam deflection is so adjusted that the moire' 
signals Mix and M2x are equalized in phase and the moire' signals Mly and M2y are equalized in 
phase, the beam deflection positions coincide with each other at the boundary between the writing 
fields Aw and Bw. In this manner, the writing fields Aw and Bw can be connected to each other 
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smoothly. 

Of course, adjustments may be made so that two-dimensional moire' signals that are 
obtained by two-dimensionally scanning a mark coincide with each other, instead of scanning a mark 
in two directions. 
5 Embodiment 6 

This embodiment relates to a -method-for adjusting the beam deflection width accurately. 
Consideration is given to a variable shaping beam or a character beam. In a state in which a small 
mark is placed on a sample, a beam shape is measured first. Then, a one-dimensional or 

Jwo-dimensional mark that has been formed accurately in advance.is scanned with a beam. 

\ 

10 It is assumed that the period of the mark is determined correctly. For example, if the pitch 

/ \ 

of the mark is 1 pm and the beam deflection width is 10 jim, nine pulses are obtained by one beam 
scan. The number of pulses varies with the beam deflection width. That is, the signal period varies 
with the beam deflection width. By utilizing this fact, the beam deflection width is adjusted and the 
beam application positions are determined accurately. 

15 Specifically, the signal period is determined correctly according to, for example, the method 

(1-d) that was described in the first embodiment. The absolute value of the beam deflection distance 
is determined by comparing the thus-determined signal period with a mark period that has been 
measured in advance. Positions between consecutive shots are determined based on this deflection 
distance and a measured beam shape. Accordingly, consecutive beam application positions may be 

20 determined correctly. 
Embodiment 7 

In writing apparatuses, to increase the writing speed, it is desirable that writing be performed 
while a stage that is mounted with a sample is moved continuously. For this purpose, a beam is 
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moved so that it remains applied to the same positions on a sample by correctly measuring positions 
on a moving sample stage with a laser interferometer, for example. This is called tracking. The 
method of the present invention also makes it possible to perform a tracking adjustment with high 
accuracy. 

5 Fig. 10 is a schematic view illustrating a tracking adjustment for a stage that is moved 

continuously. A lattice-shaped mark 101 is provided on a stage and is two-dimensionally scanned 
with a beam 102, in a cruciform-like manner, or one-directionally along a movement direction. 
Reflected electrons 103 coming from the mark 101 are detected by an electron detector 104. At this 
time, if the beam scanning region and the mark are relatively deviated from each other, a deviation is 

10 detected in the phase of a moire' signal. Therefore, a beam deflection adjustment is performed so that 
a phase shift of the moire' signal is in a small, allowable range. 

Conversely, it is possible to detect a fluctuation of the stage measurement accuracy and a 
fluctuation of the deflection distance, based on the relationship between a deflection control signal 
and the stage position that is measured by the laser interferometer 105 and a phase variation of a 

15 moire' signal. 

The present invention is not limited to the above-described embodiments. The above 
embodiments are mainly directed to the methods for measuring a deviation in the positional 
relationship between a beam deflection region and a mark. However, in the case of the method (1-b) 
of the first embodiment, if the size of a beam deflection region on a mark is deviated from a 
20 prescribed value, the frequency of a measured mark signal deviates from a prescribed value k. 
Therefore, when the mark is manufactured with a necessary accuracy, it is desirable that the size of 
the deflection region be so set that the angular spatial frequency of the mark signal becomes the 
prescribed value k. 
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1 

Also in the case of the method (1-c) of the first embodiment, the frequency of a moire' signal 
similarly deviates from a prescribed value. Therefore, the size of a deflection region of a beam for 
scanning of a mark can be adjusted by determining the size of the deflection region so that the 
frequency of a moire' signal becomes a prescribed value. 
5 Although the above embodiments are directed to the case of using a checkered mark, the 

present invention is not limited to such a case. For example, as shown in Figs, lb and lc, a 
one-dimensional line-and-space mark can be used for one-dimensional positioning. Instead of using 
a checkered mark, line-and-space marks in the x-direction and the y-direction may be provided 

perpendicularly to each other as shown in Figs.. Id and_le.- A_beam_position may be measured by 

I 

10 . providing line-and-space marks in the x-direction and the y-direction. A mark may even be formed 

/ \ 

by arranging triangular or hexagonal units, for example. A mark preferably has a periodic structure in 

a measurement direction. 

The present invention is not limited to the electron beam lithography apparatus, and can be 

applied to adjustment of optical systems of various kinds of energy beam apparatuses. That is, the 
15 energy beam is not limited to an electron beam, and may be an ion beam, a neutral particle beam, or 

a photon beam. The present invention can be modified in other various ways without departing from 

the sprit and scope of the invention. 

As described above, the present invention allows an optical system to be adjusted, correctly 

and in a short time, for optimizing the optical axis, the deflection position, the rotation, or the like of 
20 an energy beam by determining a variation in the positional relationship between a mark and a beam 

scanning region based on a phase variation of a mark signal, thereby contributing to, for example, an 

increase of the rate of operation of various kinds of energy beam apparatuses. 
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